Objectives. To determine the impact of improvements in housing and HIV clinical parameters on health-related quality of life (HRQOL) in persons with HIV infection experiencing homelessness.
T he National HIV/AIDS Strategy seeks to end the HIV epidemic and reduce health disparities by improving treatment of HIV in vulnerable populations. It also seeks to promote the provision of "comprehensive, coordinated patient-centered care for people living with HIV, including addressing HIV-related co-occurring conditions and challenges in meeting basic needs, such as housing." 1 Health-related quality of life (HRQOL) is a validated measure of well-being and function, typically divided into physical component summary (PCS) and mental component summary (MCS) scores. 2 Interventions to address the many comorbidities and unmet housing needs of people with HIV experiencing homelessness could improve HRQOL. For example, in persons with serious mental illness, improving adherence to antiretroviral therapy (ART) and to medications to treat psychiatric conditions led to improved quality of life. 3 However, providing immediate housing to people with HIV experiencing homelessness did not improve HRQOL more than providing standard housing assistance in a randomized trial; nor did it improve clinical indicators of health. Even in an "as-treated" analysis of the study, MCS but not PCS improved with housing. 4 In a population without HIV infection, immediate supportive housing versus a wait-list control also did not improve most study outcomes, including HRQOL. 5 In both of these studies, the ability to detect differences was limited by improved housing status in participants in the control arms. Nonetheless, the impact of housing on HRQOL in persons with HIV experiencing homelessness is not clear. Effective ART reduces HIV morbidity and mortality by suppressing HIV replication as measured by viral load. The relationships among HIV, its treatment, and HRQOL are not completely understood. Participants in the landmark Strategic Timing of Antiretroviral Treatment (START) trial, which only included persons with high CD4 cell counts not yet on ART, reported HRQOL that was not lower than population averages, and immediate ART improved HRQOL compared with deferred ART. 6 However, in studies of persons with a broader range of HIV disease status, lower HRQOL than population averages have been found even in persons with HIV suppression, which may at least partly be attributable to comorbid conditions. 7, 8 The available data suggest that, although ART consistently leads to improved HRQOL, it is not enough to normalize HRQOL, especially in persons with advanced HIV disease and other comorbidities.
We conducted a large, multisite study of persons with HIV who were experiencing homelessness or unstable housing. All participants were provided assistance in achieving housing, as well as navigation services to support care for HIV and to address other unmet medical and subsistence needs. We measured HRQOL at baseline, 6 months, and 12 months, along with housing status and indicators of HIV disease and treatment, including ART use, viral load, and CD4 cell count. We sought to understand how HRQOL changes over time in this cohort, especially how changes in HIV disease status and housing impact HRQOL.
METHODS
This study was part of the Health Resources and Services Administration Special Projects of National Significance "Building a Medical Home for Multiply Diagnosed HIV-Positive Homeless Populations" initiative. The study was a prospective, nonrandomized, multisite, single-arm study. Nine demonstration sites implemented models of care tailored to their local context, resources, and needs. The care models included individual and system-level interventions aimed at addressing housing and psychosocial unmet needs and reducing barriers to engagement and retention in HIV care and treatment with the goal of achieving viral suppression. There was a particular focus in all the sites on increasing uptake of care for HIV, mental health problems, and substance use problems. Common elements across the interventions included (1) providing intensive care coordination and patient navigation to vulnerable people with HIV; (2) expanding access to comprehensive HIV care and behavioral health services via mobile 9 Participants were recruited between September 2013 and February 2016 from clinic missed visits and out-of-care lists, referrals from community partner agencies, at discharge from hospitals, or upon release from jails and prisons. Data were collected at baseline and 6-month and 12-month follow-up from face-to-face interviews and through periodic medical record review.
Measures
Our primary outcome measure was physical and mental health-related quality of life. We used the Veterans RAND 12-item Health Survey to assess the domains of general health perceptions, physical functioning, role limitations attributable to physical and emotional problems, bodily pain, energyfatigue, social functioning, and mental health. [10] [11] [12] Each item is measured on 5-point Likert scale from "none of the time" to "all of the time." The measure is adopted by the Veterans Health Administration and Medicare Health Outcomes Survey sponsored by the Centers for Medicare and Medicaid Services. The 12 items are summarized into a physical component summary (PCS) score and a mental component summary (MCS) score. The summary scores are set to a mean of 50 and standard deviation of 10 for the US general population.
Data Analysis
Our analytic plan was based on the Behavioral Health Model for Vulnerable Populations and assessed the sociodemographic need or risk factors associated with quality of life. 13 Our primary independent variable was change in housing status from baseline to 6-month follow-up. Housing status was collected via client interview and defined according to the Health Resources and Services Administration definition.
14 Unstable housing was defined as staying in shelters, public places not meant for human habitation (e.g., vehicle, abandoned building), jail or prison, or a hotel or motel for emergency purposes paid by a program. Temporary housing included staying in housing of friends or family, a transitional or a temporary setting paid for by program vouchers that was not emergency-related, a residential treatment facility, a skilled nursing or rehabilitation center, or a hotel or motel paid for by oneself. Stable housing included staying in a rented or owned room or apartment paid for by oneself, permanent supportive housing, or subsidized housing through any federal or local program, including Housing Opportunities for People With AIDS and Housing and Urban Development programs. Our secondary independent variables were change in viral suppression status between baseline and 6 months and categorized at less than 200 copies Note. ART = antiretroviral therapy; NA = not available. The total sample size was n = 909.
per milliliter or not, and change in CD4 cell count between baseline and 6 months categorized at less than 200 cells per cubic millimeter or not.
Covariates included factors likely associated with quality of life: (1) predisposing factors at baseline by self-report, including age, gender, race/ethnicity, nonheterosexual minority sexual orientation, homelessness, substance use, incarceration history, and trauma history; (2) enabling factors, including baseline ART use by self-report and medical record review, social support, food insecurity, and working status; and (3) need factors, including baseline HIV disease characteristics by medical record review and selfreported unmet needs for substance use and mental health treatment.
We examined the distributional characteristics of all study variables by generating tables of means, medians, standard deviations, and quantiles for all continuous variables and counts and percentages for all categorical variables. In bivariate and multivariate analytic models examining changes in MCS and PCS over time, we used generalized estimating equation methods with an identity link with exchangeable working correlation to account for clustering by study site. 15 Independent variables identified with P < .20 in bivariate analyses with outcome were included in subsequent multivariate models. We included housing status and unmet needs for drug use and mental health treatment in all models because the interventions targeted these areas. We did not include receipt of ART in multivariate models because it was expected to be highly colinear with change in viral load. We determined statistical significance for hypothesis tests with P < .05. We conducted all analyses with SAS version 9.4 (SAS Institute, Cary, NC).
RESULTS
The 9 sites enrolled 909 participants with a mean age of 43.0 years, including 20.5% women, 4.4% transgender, 19.1% Hispanic, and 45.2% non-Hispanic Black. More than half (51.5%) identified as minority sexual orientation. Despite nearly all participants (87.7%) being prescribed ART in the last 6 months and 74.1% taking ART in the last 30 days, 51.6% did not have viral suppression and 23.6% had a CD4 cell count less than 200 cells per cubic millimeter at baseline. Three quarters of the participants (75.1%) were homeless, 58.6% reported food insecurity in the last 30 days, only 12.5% were working, and most had a history of incarceration (80.9%) and trauma (59.4%). Substance use was prevalent, with 41.3% reporting moderate or high alcohol use, and 85.7% reporting moderate or high drug use. Median HRQOL scores were 35.4 and 38.9 for MCS and PCS, respectively. Persons with a MCS below this median score were younger and were more likely to have a history of trauma, report moderate or high drug use, and report recent food insecurity. Persons with a PCS below the median score were older and were more likely to be female, have a CD4 count of less than 200 cells per cubic millimeter, have a viral load that was not suppressed, and have a history of trauma ( Table 1) .
The PCS and MCS scores increased during follow-up (Figure 1 ). Mean PCS scores at baseline, 6 months, and 12 months were 37.9 (SD = 12.3), 39.1 (SD = 12.0), and 39.8 (SD = 11.8), respectively (paired t test P < .01 for both 6 and 12 months compared with baseline). Mean MCS scores at baseline, 6 months, and 12 months were 34.8 Note. Mean values for MCS were 34.8 (SD = 12.9), 40.8 (SD = 13.9), and 40.3 (SD = 12.6) at baseline, 6 months, and 12 months, respectively (paired t test P value for change from baseline < .01 for both 6 and 12 months). Mean values for PCS were 37.9 (SD = 12.3), 39.1 (SD = 12.0), and 39.8 (SD = 11.8) at baseline, 6 months, and 12 months, respectively (paired t test P value for change from baseline < .01 for both 6 and 12 months). (SD = 12.9), 40.8 (SD = 13.9), and 40.3 (SD = 12.6), respectively (paired t test P < .01 for both 6 and 12 months compared with baseline). Among the 625 participants with follow-up data at 6 months, 51.8% obtained or maintained stable housing. At 6 months, 74.4% of 598 participants with a 6-month viral load result had viral suppression, and 81.2% of 600 participants with a 6-month CD4 cell count result had a CD4 count of at least 200 cells per cubic millimeter. Baseline PCS and MCS were not associated with obtaining or maintaining stable housing, though PCS trended higher in persons who obtained or maintained housing (P = .055). We conducted bivariate analyses to determine which of our primary and secondary explanatory variables were associated with MCS and PCS at 12 months (Table 2) . Obtaining or maintaining stable housing was associated with higher PCS at 12 months but not a higher MCS at 12 months. Achieving or maintaining a CD4 count of at least 200 cells per cubic millimeter was not associated with higher PCS or MCS at 12 months, while maintaining a CD4 count of less than 200 cells per cubic millimeter was associated with higher MCS and lower PCS at 12 months. Not having viral suppression at both baseline and 6 months was associated with lower PCS at 12 months. Change in viral load status was not associated with MCS at 12 months. Additional factors associated with change in MCS and PCS in follow-up are presented in Table 2 .
We conducted separate multivariate analyses of PCS and MCS during follow-up (Table 3 ). After we adjusted for age, gender, race/ethnicity, and baseline housing status, as well as baseline PCS, maintaining or achieving stable housing by 6 months was a statistically significant predictor of higher PCS at follow-up (P = .04). Achieving or maintaining a CD4 count of at least 200 cells per cubic millimeter and viral suppression at 6 months were not predictors of PCS at follow-up. Lower baseline PCS and increasing age were associated with lower PCS at follow-up. In a similarly constructed model of follow-up MCS, stable or improved housing status at 6 months was not associated with MCS at follow-up, nor was viral suppression status or CD4 cell count status at 6 months. Lower baseline MCS, nonHispanic Black race/ethnicity, and unmet Continued mental health needs at baseline were associated with lower MCS at follow-up.
DISCUSSION
In this large, 9-site study from across the United States, we found that improving housing status was shown to have some impact on HRQOL in homeless populations with HIV and a history of substance use or mental health disorders. Our population reported relatively low physical (PCS) and mental (MCS) health quality of life, and housing during follow-up was associated with improved PCS in multivariate analyses. Poor HIV disease status (low CD4 cell count and detectable viral load) at baseline and 6 months was associated with worse PCS in follow-up, but after we adjusted for demographics and other variables, we did not find consistent evidence that improvements in HIV status led to improved HRQOL. Given the many challenges facing this population, housing can improve HRQOL, and HIV clinical care is necessary, but may be not enough to have measurable impact on the population's HRQOL, at least during the relatively brief follow-up period of this study.
Our results support the NHAS's call for patient-centered comprehensive care. Trauma, food insecurity, low social support, unemployment, substance use, and unmet mental health needs were highly prevalent in the study population. Unmet mental health needs at baseline predicted low MCS at 12 months in multivariate modeling. The interventions deployed in the present project attempted to provide multidisciplinary and comprehensive care and did result in relatively substantial improvements in housing and HIV status. HRQOL improved as well, but that improvement was not consistently associated with improvements in HIV status. Until mental health, housing, and basic human needs are met and sustained, HRQOL is likely to remain low in this highly vulnerable population.
Our population's MCS (34.8) and PCS (37.9) scores are lower than the general population's (mean score = 50) and similar to results from studies with populations with mental health disorders without HIV infection experiencing homelessness. 5, 16, 17 The HRQOL scores are also similar to persons with HIV experiencing homelessness who participated in a randomized study (MCS = 37.8; PCS = 41.2). 4 Persons experiencing homelessness, whether living with HIV infection or not, have lower HRQOL than the general population. By contrast, the MCS and PCS scores of a broad range of persons with HIV were similar to the population means of 50, suggesting that homelessness and the coupled mental health and substance use problems are a greater determinant of HRQOL than HIV alone. 7, 8 Bivariate and multivariate data analysis showed that obtaining or maintaining stable housing is associated with improved PCS during follow-up. Persistent lack of viral suppression and CD4 count less than 200 cells per cubic millimeter at baseline and 6 months both predicted lower follow-up PCS in bivariate analysis, while improved HIV status was not associated with higher PCS at followup. These results suggest that failure to reverse HIV disease is not surprisingly associated with declining physical function, but that more than treatment of HIV disease is necessary to improve HRQOL, at least in the short term.
Among the factors we studied, housing status was the sole modifiable determinant of higher PCS in multivariate modeling in this population. How to best achieve that improved housing status remains an open question. A large multicity randomized clinical trial of a "housing first" approach in persons experiencing homelessness found consistent improvements in HRQOL, 18 and a study in people with HIV found that immediate housing resulted in improvements in housing status and subsequent improvement of mental health. 19 Our data add to the literature by demonstrating an association of improved housing status with improved HRQOL, especially PCS.
Surprisingly, achieving housing, CD4 count improvements, and viral suppression were not associated with MCS at 12 months in our study, though in bivariate analysis housing status did predict 6-month MCS score (data not shown). These results suggest either short-term or no impact of housing on MCS. Among the factors we studied, the only other mutable factor found in multivariate modeling was baseline unmet mental health needs. Addressing mental health in this vulnerable population should be a priority.
In bivariate analysis, sexual minority status, trauma history, low social support, and unmet need for mental health care were associated with lower MCS in follow-up. Lower PCS in follow-up was predicted by not being a member of a sexual minority, not being prescribed ART at baseline, not working, CD4 count less than 200 cells per cubic millimeter at baseline and at 6 months, and no viral suppression at baseline and at 6 months. These findings support the rapid diagnosis and treatment of HIV infection and comprehensive care for comorbid conditions, especially mental health problems, and provision of supportive services in populations with HIV infection experiencing homelessness.
This study is one of the largest and most geographically diverse conducted to date among persons with HIV experiencing homelessness. We are not aware of another study that has attempted to study housing status, CD4 cell count, and viral load status as they change over time and their impact on HRQOL. The study had a number of limitations. We did not have validated measures of medical or psychiatric comorbid conditions or treatment. HRQOL is a subjective measure that may be impacted by unmeasured factors, such as coping skills. Additional Note. ART = antiretroviral therapy; NA = not available. The total sample size was n = 909.
unmeasured factors include stigma, out-ofpocket costs of health care and housing, and income. We had some loss to follow-up. Regression to the mean may explain some of the improvement in HRQOL and housing status that we observed. Despite having 12 months of data, homelessness is notoriously chronic for many persons, and longer-term follow-up would be useful in future studies. The population with HIV and a history of substance use or mental health problems experiencing homelessness has a very low HRQOL. The Special Projects of National Significance interventions, which used navigators and teams to build a medical home, are a promising approach to reach this vulnerable population and connect them to the services needed to improve HRQOL. Access to consistent housing, earlier diagnosis and consistent treatment of HIV, treatment of mental health problems, and comprehensive social and medical services are necessary to improve the HRQOL of this challenging population. CONTRIBUTORS T. P. Giordano and H. Cabral drafted the original concept and design of the study. K. Gallagher and H. Cabral conducted the data analysis. All authors contributed to the final concept and design and interpretation of the data. T. P. Giordano drafted the article. All authors contributed to the revision of the article and approved of the final version of the article. Note. Also adjusted for time (6-mo and 12-mo visit). Results adjusted for sexual orientation, illicit drug use, alcohol use, incarceration history, social support score, food insecurity, working status, and unmet drug use treatment needs, which had all P ‡ .20 for models of both MCS and PCS (data not shown). The total sample size was n = 909.
